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Abstract
The European transport infrastructure network is considered as the lifeblood of European trade and society, and is commonly 
regarded as a shared heritage of great economic value. But it is also recognised today that this network is composed of many 
existing infrastructures that no longer fulfil the current functional requirements and today’s safety and quality standards, and 
requires refurbishment and increased capacities, potentially relying on innovative technologies, components and systems. The 
ECTP (European Construction Technology Platform) reFINE (Research for Future Infrastructure Networks in Europe) initiative 
aims at the development and delivery of innovative design, construction, maintenance and upgrading concepts and solutions that
promote and strengthen seamless transport links for passenger and freight, while keeping up with future technological trends. The 
REFINET European Coordination action is an instrument supporting the reFINE initiative: based on a sustainable research 
network that integrates relevant stakeholders’ representatives of all transport modes (road, railway, maritime, fluvial…) and 
transport infrastructure sectors. Its primary objective is to create a shared European vision of how the multimodal European 
transport infrastructure network of the future should be specified, designed, built, renovated, and maintained, and elaborate a SIP 
(Strategic Implementation Plan) that will define the innovation activities required to make this vision a reality.
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1. Introduction
The sector of the construction and renovation of infrastructures today represents around 4,000 billions of dollars 
world-wide, and it is anticipated that this figure will be doubled by 2025. In Europe, the transport infrastructure 
network is a shared heritage of great economic value, enabling wealth to be generated across the continent. The 
magnitude of Europe’s transport infrastructure is indeed quite high – in terms of (1) Roads, with a total road network 
of approximately 5 million km in the 28 EU Member States, (2) Railways, with a total length of lines around 
215,000 km, and (3) Waterways, with 41,000 km of navigable inland waterways. Europe possesses one of the 
densest and most developed infrastructure networks in the world, but most of these infrastructures were constructed 
in the period 1960-1970 and were designed for a working life of 50 years. Now these infrastructure networks are 
often strained far beyond their intended capacities in terms of traffic flows and loads, they require significant 
refurbishing, and face climate change that may be also different from the design stage conditions. Consequently, 
many of the existing infrastructures no longer fulfill current functional requirements and today’s safety and quality 
standards, and require being strengthened and transformed. Several European initiatives share this vision, among 
which the ECTP reFINE initiative that advocates the need for developing High-Level Service Infrastructures (HLSI)
– as core elements of a future EU-wide multimodal integrated transport by 2030 – and as introduced in Section 2.
This paper provides with an introduction to the background, objectives, and approach of the REFINET CSA 
(Coordinated and Support Action), funded by the European Commission in the framework of its Horizon 2020 
programme, whose overarching aim is creating a sustainable innovation network that integrates relevant 
stakeholders’ representatives of all transport modes (road, railway, maritime, fluvial…) and transport infrastructure 
sectors in order to:
1. create a shared European vision of how should be specified, designed, built or renovated, and maintained 
the multimodal European transport infrastructure network of the future (including, but not only, cross-
modal aspects) in order to enhance the effectiveness of the sector;
2. elaborate a Strategic Implementation Plan that will define innovation activities that are required to make
this vision a reality - considering two complementary scenarios:
o Maintenance and upgrading of already existing transport infrastructures,
o Development of new transport infrastructures (multimodal infrastructure).
REFINET is to contribute to create European-wide consensus on where to focus by 2020 and beyond in terms of 
research and innovation in order to further increase the performance of multimodal transport infrastructure through 
improving the productivity of the assets (reducing maintenance costs, extending the life span…) and to reduce 
drastically traffic disruptions of transport flows from inspection, construction and maintenance activities to 
accommodate increasing/changing traffic demand. REFINET, supporting the EU 2020 strategy, will kick-start 
a long-term ambition and initiative, paving the way to enhanced technology transfer and mass-market development 
for innovative materials, components, systems and processes supporting the pan-European generalisation of 
advanced multimodal infrastructures.
2. European context for infrastructures
Europe possesses one of the densest and most developed infrastructure networks in the world, a huge legacy and 
accumulated investment inherited from its long history. It owns the oldest road networks, the first ever underground 
trains and the railway networks that facilitated its prosperity. Most of these infrastructures were constructed in the 
period 1960-1970 and were designed for a working life of 50 years, as shown in Figure 1. Now these infrastructure 
networks are often strained far beyond their intended capacities in terms of traffic flows and traffic loads. Large 
sections already require significant refurbishing. Furthermore, climate change may also have altered the climatic 
conditions considered at the design stage. Consequently, many of the existing infrastructures no longer fulfill the 
current functional requirements and today’s safety and quality standards.
We now face the issue that, with a 50-years design life at an end, a large part of the existing infrastructure reaches 
the end of its lifetime. Is it still safe enough to continue being used? Will it have to be demolished, strengthened 
and/or put under structural behaviour monitoring? The ensuing reconstruction works will inevitably create an 
450   Alain Zarli et al. /  Transportation Research Procedia  14 ( 2016 )  448 – 456 
important disturbance of traffic with associated economic consequences. The cost of replacing the existing European 
infrastructure is considerably high, and massive coordinated investment and funding are necessary.
Fig. 1. Concrete bridge assets.
As result of the different socioeconomic developments in the European regions during the second half of the last 
century the transport infrastructure still need to be deployed in some of them. This is high priority for many 
European regions, as “building a new regional transport infrastructure, extension and enhancing existing networks 
and removing transport bottlenecks therefore contributes directly to the fulfilment of the EU Cohesion policy 
goals”1. This need at global European level is also explicated by the TEN-T initiative [TEN-T], which promotes and 
strengthens seamless transport chains for passenger and freight, while keeping up with future technological trends. 
Without innovation and research supporting infrastructure construction and renovation, the only option is to keep 
on building infrastructure the 20th century way – high carbon, low innovation and at high cost – all very wasteful 
and inefficient, and with no way or hard ways to support innovative transport modes. It is therefore vital to improve 
infrastructure delivery for people and freight, moreover becoming globally competitive. Across Europe there is an 
urgent need to modernise construction delivery, and industry will not do it on its own – the risks, the structure of the 
industry and the implementation of EU procurement militate against innovation. Given the complexity of existing 
and future infrastructures, there is need for a common European-wide approach to the development and delivery of 
innovative design, construction, maintenance and upgrading concepts and solutions to improve and extend in a 
customer-centric way the capacity of the existing network.
There are several European initiatives that share this vision. A major one is the ECTP reFINE [reFINE 2012]
initiative (supported by the REFINET project) that advocates the need for developing High-Level Service 
Infrastructures (HLSI), to be considered as the core elements of a future fully functional and EU-wide multimodal 
integrated transport by 2030 – the HLSI exposing the major following features:
x providing infrastructures for high quality mobility services for people and goods while using resources more 
efficiently;
x ensuring overall better service and performance, including multimodal integration and intermodal continuity for 
the end-user, less congestion, optimised transport time, etc.;
1 Evaluation of transport infrastructure in regions of the Czech Republic.
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x providing a higher degree of convergence and enforcement of social, safety, security and environmental rules for 
infrastructures, with minimum service standards (including minimum service obligations) at all time;
x based on interconnected solutions for the next generation of multimodal transport management, including 
information services and systems for all infrastructures.
The ERTRAC-ERRAC-Waterborne-ACARE-ECTP Task Force [TaskForce 2013] also raised high the need for
research and innovation actions in order to enable an improvement of 50% in infrastructure performance, risk and 
cost versus a 2010 baseline as well as enable seamless door-to-door services for passengers and freight by 2030.
3. Vision and challenges
3.1. The vision: a “green, smart and low cost” European infrastructure
Fig. 2. The reFINE vision of the future integrated SETA.
Transport infrastructure networks have a very long lifetime, typically 50 to 100 years or more. Decisions made 
today will have a decisive effect for mobility patterns extending beyond 2050, to the end of the 21st century. The 
Strategy adopted by the European Commission is built upon a Single European Transport Area (SETA) [SETA] 
supporting at European scale mobility of people and goods based on integrated & optimised services provided by 
Global Operators, and supported by Intelligent Transport Systems (ITS). The vision as defined by the ECTP reFINE 
initiative, and as exhibited in Figure 2, advocates that an essential requirement of those ITS is the development of 
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intelligent rolling stock envisioned for each transport mode by the ‘modal’ European Technology Platforms such as 
ERRAC and ERTRAC. But it necessarily requires the High Service Level Infrastructures (HSLI) as envisioned by 
reFINE that are also crucial to form an efficient and sustainable backbone network of integrated mobility services 
provided by the SETA. In such a landscape, the reFINE initiative has a key role to play, in cooperation with other 
stakeholders and initiatives, for the achievement of the SETA.
The reFINE vision is that, by 2030, a new generation of intermodal networks and infrastructures will ensure 
smooth and efficient urban and inter-urban mobility. This vision is relying on the previously introduced concept of 
HLSI (High-Level Service Infrastructures): 
x [Multimodal Hubs] Infrastructure networks support the European social and territorial cohesion. 
Infrastructure networks are integrated, efficient and well connected, thanks to multimodal hubs that 
constitute essential nodes of the integrated transport systems. They guarantee Europe’s integration with the 
international and intercontinental market, while complying with the principle of sustainable development.
x [Urban Mobility] Infrastructure networks support a high quality of life in sustainable European cities by 
ensuring a continuous and safe circulation of life, water and food and by providing the physical means for 
mobility to live and work.
x [Long Distance Corridors] Infrastructure networks support a competitive European economy by providing 
fast means to develop European trade in a sustainable way between city centres and along major routes 
connecting Europe with the rest of the world.
The three cornerstones of these HLSI are:
x [Green] Infrastructure networks are designed for a minimum environmental impact over their entire life 
cycle from design and construction stage, to service and final recycling.
Continuous, efficient and reliable quality of service makes infrastructure a major contributor to reducing 
energy and materials resources for European economy. The environmental impacts of infrastructures during 
their whole life-cycle are to be dramatically reduced, optimising their energy and raw materials 
consumption during construction (including upgrade) and maintenance, reducing nuisances and 
environmental impacts (e.g. noise, vibrations, pollution of air and groundwater, affection to biodiversity…) 
and land occupation during service life, reducing waste generation during maintenance and demolition, etc.
x [Smart] Infrastructure networks provide a high quality level, continuous and safe service throughout 
natural and man-made hazards, and climate change. They support European quality of life in sustainable 
cities by a continuous and safe circulation of people and goods, providing the physical means for mobility 
to live and work. Quality of services is visible and recognised by all categories of users and by society.
Existing and new infrastructure must be considered as key components of an inclusive society, in which 
everyone’s life chances are maximized. Every people must have access to the services and facilities they 
need and the transport infrastructures is one of them. The needs of specific groups such as disabled people, 
minority ethnic communities, elderly people, children and young people and faith groups are met. Their 
voices are considered in the community planning and decision-taking, and they are able to use community 
resources. Associated challenges are the assurance of the Equality and Diversity, the fostering of the 
Citizenship Participation and the accessibility and affordability to Services and Infrastructures.
x [Low Cost] Infrastructure networks are commonly regarded as a shared heritage of great economic value; 
their maintenance and upgrade costs are optimised and safely managed as a necessity to preserve and 
increase the quality of life for the future generations of European citizens.
It is important to keep in mind that low cost does not mean “low cost quality”, it indeed means affordable 
costs that are socially acceptable, targeting cost-benefit optimisation and coping with contradictory 
constraints from cost to environmental friendliness.
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3.2. The expected impacts
The main expected impact is to achieve by 2030 the following “3x30” impact – thanks to appropriate R&D and 
innovation on infrastructure:
x [GREEN] -30% of CO2 emissions, thanks to an improved organisation of transport relying on this new 
generation of intermodal networks and multimodal hubs;
x [SMART] +30% performance in terms of:
o Infrastructure capacity regarding people and goods “on the move”, thanks to a new generation of 
“all services inclusive” networks and infrastructures;
o Infrastructure safety with respect to reduction of accidents, thanks to an optimisation of use and 
safety in the various “intelligent” components forming the future networks and infrastructures, and 
enhanced interactions with intelligent transport systems;
x [LOW COST] -30% of costs in the development of new infrastructures and networks and refurbishment of 
old ones, as well as in the operating and administrative costs of all infrastructures (new and renovated): this 
will also ensure that sustainable infrastructures are at socially acceptable cost.
This expected impact must be considered to extend well beyond 2030. A new generation of infrastructure 
networks is needed and to be developed to support the future Intelligent Transport Services. It can be developed 
only by research optimised at European scale, and through the integration of advanced technologies and tools: new 
materials, nanotechnologies, ICT, new contracting and financial models, etc. Three fundamental components of 
these High Service Level Infrastructures can be identified: Multimodal Hubs, Urban Mobility Infrastructures, and 
Long Distance Corridors. Within each component, new process solutions orientated towards performance and 
optimised services are expected, as shown in the Figure 3 below.
Fig. 3. Approach towards impact achievement.
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3.3. The reFINE roadmap
A detailed roadmap gathering research and innovation needs has been developed by the reFINE Initiative and 
constitutes a comprehensive proposal to be further analyzed and developed in the framework of the REFINET CSA 
activities with an enlarged set of stakeholders representing all transport modes and the whole value-chain. This 
roadmap is structured around the three fundamental identified components of the High Service Level Infrastructures 
and its three cornerstones presented earlier.
A set of Research Activities (RA) has been defined and detailed [reFINE 2013] for each of the three components 
as introduced in Figure 4.
Fig. 4. The reFINE roadmap.
4. The REFINET coordination action
REFINET focuses on how to create and optimise the European networking to enhance the effectiveness of the 
European transport infrastructure. This networking activity is directed to analyse the challenges that have to be 
tackled by the European transport infrastructure operators in order to increase the performance and productivity of 
the multi-modal transport infrastructures and developing the associated action plan. The core element that supports 
these activities is the REFINET Network. It is mainly integrated by transport services operators, transport 
infrastructures operators and contractors from different European countries in order to take into account the different 
scenarios in Europe. This network is also open to stakeholders from third countries (USA, Japan, China…) in order 
to learn from the top of the class and creating opportunities for the European companies in international markets.
Such a network aims at:
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x fostering a systematic exchange of information and sharing of results across Europe, creating a platform for 
common understanding and responding to common problems in a systematic and agreed way;
x recommending joint activities through identification of opportunities for better exchange of knowledge, 
information and implementation of good national and international practice – thus strengthening the culture and 
practise of exchanging information about transport infrastructures and related innovation for the common benefit 
of European and international community and further broaden collaborative cooperation;
x reducing the duplication of research efforts and activities of different elements of National Research and 
Transport Agencies thus reducing costs at a European level.
The several vision and technological mode roadmaps that have been already developed by the different 
technology platforms (ERTRAC - European Road Transport Research Advisory Council, ERRAC - European Rail 
Research Advisory Council, the European Technology Platform WATERBORNE, ACARE – Advisory Council for 
Aviation Research and Innovation in Europe, ALICE – Alliance for Logistics Innovation through Collaboration in 
Europe and ECTP – European Construction Technology Platform) are the reference documents to know how the 
different transport modes are planned to evolve. REFINET aims at developing a long-term effective 
coordination and integration with most of the stakeholders programmes, initiatives and platforms such as 
ERTRAC, ERRAC, Waterborne, ECTP and the construction NTPs network, so as to ensure maximum 
synergy in the combined research and innovation efforts within the European context and potentially 
incorporating international experience. Thanks to such a coordination, REFINET rethinks the role and 
requirements for transport infrastructures taking into account their current weaknesses and the future demands due 
to the evolution of the transport modes and services.
Fig. 5. The REFINET innovation management strategy.
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To support a clear innovation management strategy (as described in Figure 5), a fundamental step is the 
identification of exploitable technologies, best practices, and “not business-as-usual” scenarios for innovative R&D 
- from the various existing initiatives and (European and national) projects. The next step is in identifying potential 
barriers, relevant gaps and future priorities to be inserted in a REFINET vision and Strategic Implementation Plan.
This structures the innovation path whilst at the same time inform:
x The funding bodies (including the European Commission and Member States funding agencies) in terms of 
future priorities for funding R&D developments – as well the various associations (including the ECTP 
through its reFINE initiative);
x Both the Transport and Construction (infrastructures) stakeholders by coaching them on the relevant next
steps of technology and services integration and exploitation, as well as delivering incentives on future 
technology deployment improving their market potential and customers satisfaction. Such identification 
process has to be a continuous one, allowing new projects as well new available results to be assessed and 
involved in the process.
5. Conclusion
REFINET (REthinking Future Infrastructure NETworks) is a major step towards creating momentum around the 
major issues of the transport and construction sectors which need to be tacked through collective and integrative 
means in order to face the tremendous challenges of the European infrastructures: ageing, cost, sustainability… Both 
existing and new infrastructures are to be considered since the contexts of Western and Eastern European countries 
are rather different: there is an obvious need for western European countries to renovate roads as well as renovate an 
upgrade rail and overall transport infrastructures, whilst Eastern European countries face the need for new and better 
inter-connected infrastructures answering to their current economic growth. A common issue facing all European 
(and indeed world-wide) countries is a pronounced tendency towards more urbanization that gives rise to new types 
of challenges for infrastructures. Eventually, new financing plans have to be contemplated, considering the 
increasing costs of erecting and renovating infrastructures and the decreasing capacity of national governments to 
invest in infrastructure networks: new strategic funding tools are under development, like e.g. the EFSI (European 
Fund for Strategic Investments), or the growing development of PPPs (Public-Private Partnerships). This is why a
Strategic Innovation Plan has to be set up and agreed at a large scale in order to launch a pan-European Programme 
in that field. It is ambitioned that at the end of the REFINET Coordination and Support Action, all the necessary 
ingredients will have been gathered to be able to launch this Programme of Actions with the support of public and 
private stakeholders.
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